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ABSTRACT 


/Determination.of  fiber  linear  density  by  vibroscopic  (vibrating  string) 
techniques  requires  a  correction  for  specimen  stiffness  when  applied  to 
fine  diameter,  high  modulus  fibers.  The  magnitude  of  this  correction  is 
discussed,  together  with  the  factors  from  which  it  arises  and  methods  of 
calculation. 


L  INTRODUCTION 


Tensilecharacterization  o£  filamentary  material*  necessitates  d'etermi- 
nation  of  some  measurer  of  fiber  size.  Commonly  employed!  size  measures 
are  diameter,  eras*- sectional* area,,  and  denier,  and'theseare*  normally  de¬ 
termined  through,  relatively  atraigjht- forward  niicroscopic,,  planimetrie,  or,' 
analytical  balance  technique*.  Filament  denier  for  very, small  fibers;  (less; 
than  1  mil  diameter)  is  difficult  to- determine  by  direct  weighing;  because*  of 
the  sma.ll  weight*  and/or  long;  length* involved:..  Anapproxiinaiiohican.be! 
obtained  for  those  fiber*  which  are  part  of  a  multif ilament:y ar h  by  dividing, 
yarn  denier  by  filament  count.  Fiber- to  -fiber  no  nuniformity ,  ho  we  ve  r,  intro¬ 
duces  uncertainties*  Microscopic  diameter  measurements;  are 'applicable: 
only  to  circular  or  .near- circular’ fiber*'--  Planimetry , using  photomicrograph*' 
obtained  from  mounted  cross-section*  ha*  the  inherent:  undesirable  feature 
of  averaging  fiber  areas  which  may  be.  different  from  those  later  selected. for 
tensile  testing. 


II.  .DISCUSSION 


Baaed  on  the  .above  considerations,  the  vibrqacopic  technique  for  single 
fiber  denier  measurement  is  ..attractive  in  many  instances*.  In  it,  an  oscil¬ 
latory  force  is  applied  to  a  filament  under  tension  and  the  frequency  varied 
until  resonance  is  achieved.  Fiber  linear  density  (denier)- cab  then  be  cal¬ 
culated  from '’he  observed  values  of  frequency,  tension,  fiber ’length,  and 
other  parameters,  if  certain  assumptions  are  made.  The  major  assumptions 
are: 


a)  Uniform  linear  density,  along  the  fiber, 
b')  The  moment  of  inertia  of  the  fiber  about  its  neutral  axis 
approximates  that  of  a  right  circular  cylinder  of  equal 
cfbssrsectional,  area. 

c)  The  fiber  oscillates  as  a  perfectly  flexible  string. 

Assumptions  (a)  and  (b)  normally  present  no  problem;  errors  introduced 
because  of'these  for  the  majority  of  fibers  of  interest  are  relatively  minor .- 
Errors  arising  from  the  fiber's  nonconformance  with  assumption  (c),  however, 
are  not  'nece  s  sarily  negligible . 


Fiber  linear  density  (density  x  cross-sectionai.  area)  is  calculated  from 
vibroscope  test  conditions  and  results  from  the  following  equation: 


PA 


(1) 


in  which  p,  A,  T,  l  and  f  represent  density,  area,  .tensioning  force,  fiber 
length,  and  resonant  frequency,  respectively,  in  consistent  units.  The 
reasonant  . frequency  used  normally  is  the  fundamental  for  the  system  in 
question.  Equation  (l  )  is  for  the  ideal  case  in  which  the  three  assumptions 
listed  above;  are  valid..  Corrections  for  nonconformance  with  assumption 
(c)  are  a  function  of  both  fiber  area  and  Young's  modulus.  It  is  not, intended 
to  derive  the  pertinent  basic1  relationships  here;;  the  reader  is  referred  to  the 
above  mentioned  journal  article  and  any  complete  mechanics  text.  For  or? 
ganic  textile  fibers  of  cpnventional  diameters,  the  calculated  '’stiffness1  cor¬ 
rection  factors"  normally  do  not  exceed  3%  and  often  are  much>lower.: 

Recently,  considerable  attention  has  been  p^id  to  the  mechaiical  charac¬ 
terization  of  graphite  fibers  of  very 'high  Young's  modulus  and  in  extremely  fine 
•diameters.  Deviation  from  ass umptioh  (c); was  therefore  r,c- examined'  since 
the  vibroscppie  technique  is  used  by  some  investigators  for  measurement  ot 
graphite  fiber  denier1. 

*The  Vibroqcopic  Method  for  Determination  of  Fiber  Cross-sectional  Area", 

D.  ,J.  Montgomery  and  W„.  T.  Milloway,  Textile  Research  Journal,  Yol.  XXII, 
No.  11,  November  1952,  p.  729. 
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Applying  a  correction  factor  for  specimen  stiffness  results  in  Equation 
( 1 )  taking,  the  form: 


P-A  =  (1  +  A)( 

4  i  f 


in  which 


A  =  2a  +  5.  47a 


where  i  and  T  are  a  previously  defined,  E  is  Young'  s  modulus  and  I  is  the 
moment  qf  inertia  of  f  he  fiber  about  its  neutral  axis. 

Typical  conditions, for  graphite  fiber  vibroscopy  involve  a  2  cm.  gage 
length  and  tensioning  force  supplied  by  a  20  nigm.  weight;,  Equation  (4) 
then  reduces  to 

a  =  0.  0848E1/2d2  (5) 

-6  , 

in  which  E  is  in  psi  x  10  and Jd  (fiber  diameter)  is  in  niils. 

Combining  Equations  (2),  (3)  arid  (5),  and  introducing  the.  necessary 
proportionality  constants,  results  in 


Denier  =  (£+ 0.  l696E1/2d2  +  .  0393Ed4)--~-~ 


where  ;f  is  , the  fundamental  reasonant  frequency  in.Kc  /Sec,  using  a  2  cm. 
fiber  and  20  mgm.  tensioning  weight. 

Equation  (6)  is  not  directly  solvable  for  denier,  however,  since  diameter 
and  denier  rre  related  through  density,  and  the  calculation  of  E  from  tensile 
test  data  is  dependent  on  denier.  Iterative  procedures  can  be  employed.  Also, 
iji; many  instances,,  sufficiently  close  approximations  for  E  and  d  are  known 
prior  to  testing  to  allow  calculation  of  an  accurate  correction  factor  (paren¬ 
thetical.  expression  Jn,Equatiqn-(.6)).  ' 
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Figure  I  shows  graphically  the  relationship  . between  correction  factor, 
fiber  diameter,  and  fiber  modulus.  As  an  example,  for  a  6-micron  fiber 
of  75  million  psi  modulus,  the  denier  correction  factor  is  approximately  9%, 
Thatis,  the  parenthetical  expression  in  Equation  (6)  is  1.  09. 


HI.  SUMMARY 


Denier  determination*  on  the  high-modulus  graphite  fibers  of  current 
interest  will  be  lowby  approximately  5  to  15%  unless  corrected  for  stiffness. 
A  correction  factor  based-on  fiber  diameter  and  modulus  can  be  determined 
and  applied  in  a  relatively  straightforward  manner. 
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